Abstract. Walkability analysis has grown in popularity in recent years: several studies have analysed the public health, economic, environmental, transportation and other benefits of promoting walkability. Different authors in the literature focus on the analysis of walking indicators related to the structure of the road network to explain the walkability of an area. However, extra efforts have to be made to study many other conditions that affect the propensity to walk: not just the shape of the network and the urban topology, but also the security and the attractiveness of the landscape, or specific characteristics of the infrastructure such as the size of the sidewalks, the automobile accommodation values (automobile and motorcycle parking) and the pedestrian route difficulty (slope and over length of the paths, dead-end streets). This paper aims to understand the walkability propensity, investigating explanatory variables related to the concept of the pedestrian path quality at the microscopic level. Several data have been collected in different zones of the Rome City (Italy), utterly dissimilar from the pedestrian point of view. These data have been compared with the real path for pedestrian choices and with other standard walkability measures from literature.
Introduction
Walkability analysis has grown in popularity in recent years: several studies have analysed the public health, economic, environmental, transportation and other benefits of promoting walkability. Regarding the built environment and travel, the increase of walkability offers an alternative basis for sustainability policy. In fact, it cut the choice of the private transport mode, also fostering the accessibility to the transit service. Concerning the transit service, "since all transit trips involve some degree of walking, it follows that transit-friendly environments must also be pedestrian-friendly" (Bernick & Cervero, 1997) . Therefore, the central question of urban planners and designers is which settings benefit pedestrians and how to improve walkable cities.
The scientific literature on the topic demonstrates that the street networks are the leading characteristics of pedestrian-friendly cities (Cervero, Sarmiento, Jacoby, Gomez, & Neiman, 2009 ). Many studies on street configuration have found that various street attributes generate higher walking volume (Ewing & Cervero, 2001 ; Lee & Moudon, 2006; Cervero & Kockelman, 1997; Song & Knapp, 2004) and three main categories of walkability measures based on the road network structure have been defined: -measures of connectivity; -measures of quality; -measures of proximity (Schlossberg, 2006) . Measures of connectivity are the ones mostly adopted in walking accessibility analysis (Frank, Schmid, Sallis, Chapman, & Saelens, 2005; Jacobs, 1993) since they let to define how wide the range of alternatives is for the pedestrian. Measures of connectivity include number and density of intersections, but also some links, their density, and their total length, the number, and size of the blocks. Additional measures to quantify the connectivity are based on graph theory (Dill, 2004; Zhang & Kukadia, 2005) exploiting the concept of "circuit" (a finite, closed path starting and ending at a single node).
The road network quality is evaluated using a classification of the links, reflecting the hierarchy of the infrastructures and identifying possible paths for pedestrians. In particular, it is possible to define streets adverse to a pedestrian as, such as those characterized by two or more lanes in each direction (multilane roadways) and by high traffic volumes or high average speed. Otherwise, the links
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Marialisa NIGRO 1 , Marco PETRELLI 2* , Rasa UŠPALYTĖ-VITKŪNIENĖ 3 , Daiva ŽILIONIENĖ 4 with one lane in each direction, with low traffic and low speeds do not usually represent a barrier for pedestrians and, for these reasons, they are considered easily accessible. Measures of quality are also some links of each different type (adverse or not), their length and density, their percentage value compared to the total number in the network and so on.
Finally, the proximity represents an evaluation of how much the road network capture on pedestrian coverage on a specific destination. In fact, recent research has discovered that pedestrians tend to concentrate closer to their main destinations and adjacent streets with higher integration and choice (Handy, Paterson, & Butler, 2003; Peponis & Wineman, 2002; Rodríguez, Khattak, & Evenson, 2006) . The main adopted proximity measure is merely the ratio of the buffer area of the pedestrian network over a Euclidean buffer area within the most acceptable walking distance. This measure is known in the literature as the "Pedestrian Catchment Area" (PCA) or as the "ped-shed method" (Porta & Renne, 2005) . Gori, Nigro, and Petrelli (2014) applied all these measures to several areas in Italy with the aim:
-to understand whether some measures are more suitable than others to describe the walkability of an area; -to define the best single measure or the optimal combination of measures to describe the walkability of an area; -to define some benchmark values for the analysed walkability measures; -to get valuable guidelines to define a "pedestrianoriented" road network. However, more efforts have to be made to study many other conditions that affect the propensity to walk. The security and the attractiveness of the landscape, or the characteristics of the infrastructure such as the size of the sidewalks, the automobile accommodation values (automobile and motorcycle parking) and the pedestrian route difficulty (slope and over length of the paths, dead-end streets) are only some examples of quality walkability measures, not just correlated to the shape of the network and the urban topology. This paper moves a step forward in this direction, investigating the impact of different measures related to the concept of the quality of the pedestrian paths at the microscopic level. Several data have been collected in different zones of the city of Rome (Italy), completely dissimilar from the pedestrian point of view. These data have been compared with the real path for choices of pedestrians towards the leading destination, underlining the most promising explanatory variables of the walkability propensity, as well as their connection with standard walkability measures in literature.
The outline of the rest is as follows: first, the method adopted in the study is described. Then, data collected are discussed, and connection with the walkability propensity is investigated. Finally, conclusions are summarized, and the future work is presented.
Methodology
The method adopted is based on the collection and analysis of quality measures not just correlated to the shape of the network and the urban topology. These measures are computed collecting data on pedestrian paths towards the main destination point.
Once identified different zones of an urban area, utterly dissimilar from the pedestrian point of view and characterized by a main attractor point ("special attractor") for the walking trips, the choices of real path for pedestrian are collected. To this aim, a survey is required to derive the adopted paths from different starting points of the zones until the attractor point. Respect to these paths for pedestrians, more alternatives, considering links that are unused, must be selected and be able to investigate also unstated path choices.
Data collected in the field for the different paths classified into three main groups (Table 1) :
-infrastructural path characteristics; -activities and land-use; -pedestrian demand data. Infrastructural data relates to the length of the path, its curvature (measured as the deviation of the path length respect to the Euclidean distance between the origin and the destination of the trip), the sidewalk characteristics as the coverage, width and usability (due to exist trees or cars on the sidewalk), the security of the path measured through the presence of pedestrian crossings controlled by traffic signals.
Activities data permits to define the land-use along the path. They have been classified into four types of activities:
-usual full-time activities as pharmacies, banks, post office, that are full-time opened and which usually is intermediate stops for pedestrian during the trip for reaching the particular attractor; -leisure full-time activities, i.e., shops; -other full-time activities, i.e., café, restaurant. Both leisure and other full-time activities attract the pedestrians on the path; -special activities, which are activities with a specific function, usually not correlated with the walking propensity and sometimes part-time opened. It is the case of schools, police station, hospitals. Next to these activities data, also the population density is computed as the population density along the path (linear density): it permits to get indirect information on the level of urbanization that the pedestrians meet along the path.
Demand data finally relates to the envelope of the user choices and to the level of walking congestion that is found by the pedestrians along the path. Thus, they refer to measures of pedestrian flows in different sections of the path (upstream -i.e., near the starting point of the trip, downstream -i.e., near the particular attractor and in an intermediate section of the path), as well to their average value.
Each measure of Table 1 considers a potential quality measure of the pedestrian path to which it is computed. Thus, at first it has been searched for each zone if a link exists between the above measures and the pedestrian path choices. Then, since also data on the unstated paths have been collected, measures on the paths of the zone potentially describe specific walkability properties of the zone itself. To this aim, correlation analysis has been performed among the average values of the measures in the different zones, as well as between these measures and standard walkability measures from literature.
Results and discussion of the case study of Rome
To get the real path choices, that are the first information required for the study, a survey campaign has been conducted during October 2016, where 670 pedestrians have been interviewed in 8 different zones of the Rome City.
Regarding built environment and urban form, Rome is a city characterized by districts with the very different urban structure for the topology, the development, and the section of the road network and the continuity, the consistency, and the shape of the built areas. The existence of such different areas is due mainly to their development in different periods, not restricted only to the last century, but also to a different construction process (planned by the administration or as a result of single private actions not about a development plan). It is an essential aspect of the study since it allows to analyse areas with very different characteristics. In fact, the selected areas (Table 2 ) move from the city centre (Marconi-Trastevere), characterized by compact and wholly built areas, to the modern suburbs of Fidene, or an area under construction (Porta di Roma) with large and often isolated buildings, wide roads, and discontinuity of built areas. Each selected zone has a particular attractor point (Table 2) . Respondents were asked to show the chosen pedestrian path to reach their respective particular attractor. The choice to request the information of the path respect to one main destination was made to have no dispersion of walking trips linked to different motivations.
Paths with neighbouring starting points and carrying on the same main corridor have been aggregated (Figure 1 ), thus obtaining some paths ranging from 7 to 11, depending on the zone. To these, alternative routes were added, if any exists, that provide for unstated paths. Finally, data on the quality of the paths, as described in Table 1 , were collected. Table 3 summarizes the values of data collected as the average of each measure on all the paths of every single zone, where the walking paths also catch distances more than 1 km. Standard deviation is also reported to show the variability of the measures among the collected paths.
As reported in the methodological section, at first it has been searched for each zone if a link exists between Table 4 , where the variables mainly related to the pedestrian path choice have been reported together with the determination coefficient (R 2 ) of the linear model. As expected, paths with higher pedestrian shares, thus where people pass more often, are associated with higher walking volume: the relation between the pedestrian path choice and the average pedestrian flow is linear reaching R 2 values of 0.7−0.8. The higher impact of the population density is seen where the zones have a substantial variation of the measure along the paths: this is the case of Acilia where the measure is correlated to the path choices with the same correlation degree shown by the average pedestrian flow. Sidewalk characteristics explain the propensity to use a path for walking: in the zone of Monteverde, where there is a definite subset of paths with a higher width of the sidewalk respect to the alternative paths, this is clear since the correlation reaches an R 2 value of 0.930. In the same zone, it is highlighted as also the over length of the paths generates a reduction of the pedestrian path share. Finally, traffic light density represents an incentive for the choice of the pedestrian path.
Following the analysis of single pedestrian path, the Level of Service (LOS) has been computed adopting the Highway Capacity Manual 2010 procedure (Manual, 2010) . The resulting LOS score is a measure of the typical perception of pedestrian of the overall segment travel experience, but it does not take into account some aspects of the crossing difficulty or the intersection service. Analysing the computed LOS, it is stated that conditions of limited speed and ability to pass slower pedestrians (LOS D) for the investigated trips (mainly regular trips towards the primary destination) are not linked with the choice of the path and the demand over the path. However, zones in the outer suburb of the city (Acilia and Fidene) or zones of recent development (e.g., Porta di Roma) show a lower LOS respect to the other zones, index of less satisfactory walkability conditions. After the analysis at the level of a single zone, correlation analysis has been performed among the average values of the quality measures (Table 3) , to verify when linear relations exist among the variables. It has been assumed a high correlation among data if the Pearson Correlation coefficient is more than |0.75|. Main founded relations are: -higher is the average length of the paths for pedestrians; lower is the average pedestrian flow; -zones containing twisty paths, thus paths far from their respective Euclidean distance, have a lower activity density. Moreover, the activity density is strictly correlated with the pedestrian flow; -the different types of activities rise together, except the special activities; -signalized intersections increase together with the total activity density, the population density, and the pedestrian flows; -the sidewalk coverage and its width increase together.
This last point underlines a design characteristic of the Figure 1 . Example of paths collected by survey and their aggregation for one of the selected zone urban zones of Rome: if the intention to plan a road system designed to accommodate pedestrians, high coverage and high width of the sidewalks is guaranteed. These results underline as the walkability propensity is strictly correlated with the land use development, especially on full-time activities, and to the distances to be travelled. It is possible to assume that planning pedestrian paths as most direct as possible toward the main destinations help to increase the walkability propensity of the zone. Moreover, it has been demonstrated as controlled pedestrian crossings are usually required to assure the security of the paths for the pedestrians. Finally, quality measures have been compared with walkability measures connected with the road network structure of the zones and available from the literature (Gori et al., 2014, Table 5 ).
Linking quality measures of Table 1 with a proximity measure as the PCA, no statistically significant correlation has been founded. It confirms as the PCA is not sufficient by itself to describe the walkability of an area, thus assuring a high PCA value does not involve a high walkability propensity. Moreover, the PCA is computed not taking into account the presence of streets usually considered adverse for pedestrian (called in Gori et al., 2014 as "links of type 2"). On the other hand, the increase of "links of type 2" in the urban zones of Rome involves an increase of the quality measures before defined as the traffic lights density, the total activity density, the population density as well as of the average pedestrian flow. This does not mean that the proposed measures do not explain the walkability: in the Roman case, the main commercial streets usually overlap with the main corridors for private vehicles. Thus, there is no difference between the main road network and the pedestrian network. This is a wrong planning solution for the walkability since pedestrians are forced to share space with private vehicles. However, this is improper also for walkability evaluation since quality measures based on the link classification generate inaccurate results on the quality of the land-use and the infrastructure for the pedestrians.
Other walkability measures as the node density and the dimension of the block (connectivity measures) are not correlated with our quality measures. Thus, if the number of nodes and the dimension of the blocks are usually considered explanatory variables when trying to realize a pedestrian-oriented development, it is required to associate to their benchmark values a proper land-use and infrastructure design for pedestrians.
Conclusions
1. In this paper, an evaluation of the walkability propensity has been conducted for the real case of the Rome City, focusing on the computation of quality measures not based on the shape of the network and the urban topology. Specifically, these measures are related to the security and the attractiveness of the landscape, to the pedestrian infrastructure characteristics and the pedestrian route difficulty. To this aim, data have been collected on the pedestrian paths towards the leading destination in 8 zones of the city dissimilar from the pedestrian point of view.
2. The quality measures are analysed to test the main characteristics affecting both the pedestrian path choice and the walkability of the zone, as well as possible walkability relations among zones. 3. Results underlined as indications on the walkability propensity to choose variables to give a path over another as the population density and the sidewalk characteristics (width, coverage, and usability). However, these indications are not uniquely defined, since they are variable between zone and zone, as a function of their distribution on the territory. 4. Information about the activities (shops, restaurants, post-offices) has not underlined a specific relation with the increment of the pedestrian share along with a path, while they force the total walkability propensity of the zone (more activities, higher pedestrian flow). This result depends on the layout of the survey conducted to collect the pedestrian path choices since mainly regular trips towards a destination have been investigated. The fact that only regular trips have been intercepted also justifies the lack of correlation between the pedestrian level of service and the choice of the path. 5. Another impressive result is about the length of the pedestrian paths since it has been demonstrated as planning pedestrian paths as most direct as possible towards the leading destination, help to increase the walkability propensity of the zone. However, the path also catches distances higher than 1 km, since pedestrians are usually available until this length. 6. Finally, comparing the quality measures with walkability measures connected with the road network structure of the zones and available from the literature, the study demonstrates the two subsets of indicators are not strictly linked. Therefore, it is required to associate to the usually adopted benchmark values of connectivity and proximity measures a proper land-use and infrastructure design for pedestrians. 7. Further research needs to investigate behavioural aspects of the pedestrian choices. The aim is to understand both the supply and the demand side all the elements that have to be taken into account for planning purposes. In fact, the possibility to know how to convince users to walk is not only an object for the public health, but also for sustainable mobility goals: if users find useful pedestrian conditions, they avoid using private vehicles, as well as leave in advance the transit service, thus reducing congested conditions on the transport system.
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